ABSTRACT -In two simultaneous experiments, we evaluated the impact of brackish irrigation water and nitrogen (N) fertilization on the production of citrus (scion-rootstock combinations) and its associated gas exchanges. These experiments were conducted at the Campus of Federal University of Campina Grande, Brazil in a protected environment (shade screens on the sides) using drainage lysimeters. Experiment I used a randomized block design (3 replicates), in a 5 × 3 factorial arrangement, corresponding to five water salinity levels (0.6, 1.2, 1.8, 2. . For both experiments, gas exchanges and mean mass of fruits were evaluated at harvest. Gas exchanges were inhibited in plants under saline stress. Plants grafted with Common Rangpur lime showed greater production potential than did the other genotypes studied, even under brackish water conditions.
INTRODUCTION
Brazil is the global leader in the total production of citrus (18 Mt). However, average yield is relatively low in Brazil (24.69 t ha -1 ) compared to in the United States (31.75 t ha -1 ), South Africa (35.62 t ha -1 ), and Turkey (40.09 t ha -1 ) (FAO, 2013) . This low yield can be attributed to the little use of fundamental technologies (e.g., irrigation), especially in the northeast region of Brazil, which has the lowest yield in the country (14.79 t ha -1 ), despite being the country"s second largest orange-producing region (2 Mt) (IBGE, 2013) .
In order to improve yield in Brazil, irrigation must be expanded, especially in the northeast region, approximately 90% of which is under semiarid conditions. However, because of the high amount of water needed for irrigation, consideration must be given to sources of low-quality water, such as brackish water. According to Neves et al. (2009) , in the Brazilian semiarid region, it is common for farmers to use water with high concentrations of salts (e.g., sodium salts), and this use causes negative effects on the soil and cultivated plants. Therefore, in order for irrigation to be sustainable, alternative strategies must be found for using brackish water.
One possible strategy is to use cultivars/ genotypes that are tolerant to saline conditions and capable of producing economically viable yields (FERNANDES et al., 2011; BRITO et al., 2014b) . Citrus crops are sensitive to salinity (SYVERTSEN; SANCHEZ, 2014) , and therefore tolerance to salinity needs to be investigated at the scion-rootstock level. Brito et al. (2014a) revealed the importance of the rootstock, in relation to the scion, in order to obtain citrus materials tolerant to salinity, and recommended the Cravo Santa Cruz lemon, the 069 trifoliate hybrid, and Volkamer lemon rootstocks, which are tolerant to electrical conductivity levels of up to 2.4 dS m -1 . Different nitrogen (N) fertilizers can also affect crop growth under saline conditions. Application of nitric (NO 3 -) fertilizer above the recommended dose can balance cations and anions, and improve the absorption of nutrients by plants. On the other hand, the application of ammonium (NH 4 + ) can contribute to a higher absorption of anions and, in salt-affected soils with high amounts of chlorides, NH 4 + will be absorbed preferentially, causing lower damages to plants. Preliminary results have been observed in experiments with castor bean (SOARES et al., 2013; LIMA et al., 2014) and sunflower (NOBRE et al., 2011; NOBRE et al., 2014) .
For citrus, more research is needed on the effect of N fertilization and saline stress on crop production. In particular, it is necessary to evaluate the physiological nature (e.g., gas exchanges) of the responses, similar to recent studies on citrus plants under water stress (BRITO et al., 2012) and citrus rootstocks under saline stress (SILVA et al., 2014) .
This study aimed to evaluate gas exchanges and the mean mass of citrus fruits for scion/rootstock combinations applied with saline water and N fertilizer.
MATERIAL AND METHODS

Study area
Two experiments were conducted simultaneously in a protected environment (screened, without plastic cover) at the Federal University of Campina Grande"s Center of Technology and Natural Resources" Academic Unit of Agricultural Engineering in Campina Grande-PB, Brazil (7°15′ 18″ S; 35°52′28″ W; 550 m). According to Köppen"s classification, the climate of in the area is As.
Experimental design
In the first experiment (Experiment I), the treatments were arranged in a randomized block design using a 5 × 3 factorial scheme, with five levels of electrical conductivity of water (ECw) (0.6, 1.2, 1.8, 2.4, and 3.0 dS m -1 ) and three scionrootstock combinations (Table 1 ). There were three replicates and one plant was used per plot. 
1
The second experiment (Experiment II) evaluated the impact of N fertilization on reducing the negative effects of salinity. Thus, additional plants were irrigated with water of 3.0 dS m -1 and subjected to 200% of the N fertilization dose proposed by Novais et al. (1991) . The obtained data were compared with the results of plants irrigated with water of 3.0 dS m -1 from Experiment I, in which N fertilization corresponded to 100% of the recommendation. The data were analyzed in a randomized block design using a 3 × 2 factorial scheme, corresponding to the three scion-rootstock combinations (refered in Experiment I) and two N doses (100 and 200 mg kg -1 of soil N) was used as the N source as it has a high N concentration and a low cost/benefit ratio (MARCHESAN et al., 2011) .
Experimental details
The experiments were conducted from July 30, 2013 to February 28, 2014 using 2-year-old plants, and encompassed the period between pre-flowering and the first commercial production.
Both experiments used drainage lysimeters (0.70 m height; 0.57 m diameter; 150 L capacity), which were distributed in single rows, at a spacing of 1.50 m between rows and 1 m between plants. In order to facilitate the drainage of excess irrigation water, the lysimeters were filled with a 0.10-m layer of crushed stone (5 mm) and a 0.10-m layer of sand. The lysimeters were then filled (0.40 m layer), with 200 kg of Regolithic Neosol (soil without salinity or sodicity problem collected from a 0-0.30 m soil depth; Table 2 ), and 38 kg mixture of soil and humus (corresponding to 4.76 kg equivalent to 2% of the total soil mass). In total, 0.60 m of each lysimeter was filled, which left 0.1 m at the top for irrigation. Based on recommendations of Novais et al. (1991) for experiments in controlled environments, the treatments received a monthly N, P, and K top-dressing fertilization. Additionally, the commercial foliar fertilizer "Albatroz" (N-7%; P 2 O 5 -17%; K 2 O-35%; MgO-3%; Ca-0.10%; B-0.02%; Cu-0.02%) was employed at a dose of 1 g L -1 . The supplemental N fertilization in Experiment II was applied 15 days after the usual fertilization with 100 mg kg -1 of soil (Table 3) . The water of different levels of electrical conductivity (ECw) were prepared by dissolving commercial NaCl (without iodate) into the water and confirming levels using a benchtop conductivity meter (Model Digimed DM-32). Irrigation frequency was based on plant water demand, with a typical interval of two or three days. Water consumption by plants was calculated using the water balance (applied volume minus the volume drained in the previous irrigation) and adding a leaching fraction (LF) of 0.10.
Analyzed variables and statistical analysis
At the end of the study period, the following physiological variables were determined in both experiments: internal CO 2 concentration (Ci), transpiration (E), stomatal conductance (gs), and CO 2 assimilation rate (A). These variables were calculated using the third leaf from the apex and a portable device for photosynthesis measurements ("LCPro+"; ADC BioScientific Ltda.). After obtaining these data, water use efficiency (WUE) (A/ E) and the instantaneous carboxylation efficiencyEffCi (A/Ci) were quantified (KONRAD et al., 2005; MACHADO, 2010 , BRITO et al., 2012 .
In February 2014, mature fruit were harvested, counted, weighed (precision scale; 0.001-g resolution). Total mass and number of fruits were used to calculate the mean mass of fruits.
Using the statistical program SISVAR (FERREIRA, 2011), the results were subjected to analysis of variance using an F-test, means for the rootstocks were compared using a Tukey"s test, and a polynomial regression was used to analyze the levels of irrigation water salinity.
RESULTS AND DISCUSSION Experiment I: Salinity tolerance of scionrootstock combinations
Based on the analysis, there was no significant effect (p > 0.05) of water salinity × rootstocks interaction for any of the physiological variables. However, there was a significant (p < 0.01) interaction for the mean mass of fruits (Table  4) . Internal CO 2 concentration was consistent across all treatments. Regardless of the rootstock, transpiration (E), stomatal conductance (gs), CO 2 assimilation rate (A), and instantaneous carboxylation efficiency (EffCi) responded to the isolated effects (p < 0.01) of irrigation water salinity. As for water use efficiency, the rootstocks showed similar responses to the salinity levels, but, according to the F test, responded differently (p < 0.05). The osmotic stress caused by saline water irrigation significantly reduced water use efficiency and gas exchanges, but the magnitude of the reduction depended on the duration of the saline stress and on the sensitivity of the rootstock to the toxic ions. Silva et al. (2014) observed similar effects of water salinity on gas exchanges of citrus plants and identified tolerant rootstocks after only 48 hours of exposure to the stress, thus denoting the severity of the increase in soil salinity. 1 **significant at p < 0.01; *significant at p < 0.05; ns: not significant.
1 Statistical analysis performed after transforming the data to . . Figure 1 , there was a negative relationship between irrigation water salinity and transpiration (E), stomatal conductance (gs), CO 2 assimilation rate (A), and instantaneous carboxylation efficiency (EffCi). The transpiration rate ( Figure 1A ) decreased from 3.178 to 1.421 mmol H 2 O m -2 s -1 , from the lowest salinity treatment (0.6 dS m -1 ) to the highest (3.0 dS m -1 ), respectively. This equates to an overall reduction of 55.28% and a 20.24% reduction in transpiration rate per unit increase in water salinity. Taiz and Zeiger (2013) defined transpiration as the process in which energy, in the form of latent heat, is transferred from the leaf to the air. The reduction in transpiration observed in the present study must have been due to stomatal closure in response to osmotic stress caused by the increase in salinity. This process is known as the mechanism of acclimation to saline stress.
As indicated in
In the present study, the closure of the stomata was due to the osmotic conditioning imposed by the increasing levels of irrigation water salinity. This can be directly linked to the stomatal conductance, which decreased in a similar way. According to the regression analysis, there were stomatal conductance reductions of 14.64, 29.29, 43.93, and 58.57%, when compared water salinity treatments of 1.2, 1.8, 2.4, and 3.0 dS m -1 with 0.6 dS m -1 , respectively, which correspond to a reduction per unit increase water salinity of 21.29%. ( Figure  1B ). According to Gonçalves et al. (2010) , there is a direct relationship between E and gs, with water vapor flow to the atmosphere decreasing as the stomata close. Therefore, there is a reduction in transpiration and, consequently, a reduction in stomatal conductance. This trend was observed in this current study, with a reduction of 55.28% in transpiration and 58.57% in stomatal conductance between the lowest and the highest levels of salinity.
Due to the reduction in transpiration rate and stomatal conductance, photosynthesis (A) ( Figure  1C ) was negatively impacted and there was a reduction of approximately 20.33% per unit increase in ECw. This is explained by López-Climent et al. (2008) , who revealed that plants, when subjected to saline stress, tend to show reduction in net CO 2 assimilation rate, due to the stomatal effects. This is because the closing of the stomata restricts the entry of CO 2 into the cells, and therefore is the main cause of the reduction of photosynthesis (MUSYIMI; NETONDO; OUMA, 2007). In addition, such restriction can increase the susceptibility of the plant to photochemical damages, because low CO 2 assimilation rates cause excess levels of light energy in photosystem II; this has been observed in studies on fluorescence (SILVA et al., 2010; SILVA et al., 2014) .
According to Konrad et al. (2005) , non-stomatal factors may compromise photosynthesis, and this can be studied using the instantaneous carboxylation efficiency (EffCi). In the present study, EffCi was reduced by 14.48, 28.96, 43.43, and 57.91% in the comparison between water salinity of 0.6 dS m -1 and treatments of 1.2, 1.8, 2.4 and 3.0 dS m -1 , respectively ( Figure 1D ).
According to Larcher (2006) , this reduced efficiency is related to the metabolic restrictions in the Calvin cycle, where the received carbon is not being fixed in the carboxylation stage in the mesophyll cells. According to Taiz and Zeiger (2013) , as the stress becomes rigorous, the dehydration of mesophyll cells inhibits photosynthesis, the mesophyll metabolism is damaged, and, consequently, the carboxylation efficiency is compromised. Furthermore, Tezara et al. (2005) attribute this reduction to the effects of water stress, resulting from the reduction in EffCi, relating it to the loss of activity of the RuBP enzyme, which may also have occurred with the saline stress caused by the waters of higher electrical conductivity. Lloyd and Howie (1989) found a correlation between gas exchanges and salinity in citrus orchards in Australia, and attributed the deleterious effects to the accumulation of Na + and Cl -ions, especially when there were low concentrations of Ca and K in the leaves. However, despite the leaf damage caused by Na + and Cl -, the worsening of salinity effects is also dependent on the relative sensitivity of the genotype of the rootstock. High sensitivity compromises gas exchanges, through specific ion toxicity (e.g., citrus leaves with high Cl -concentrations; STOREY; WALKER, 1999) and osmotic stress (e.g., stomatal conductance, transpiration, and photosynthesis in Valência orange under water deficiency; MEDINA, MACHADO; GOMES, 1999). As for water use efficiency (WUE) ( (Figure 2 ). This lower WUE for RS3 may have been due to the reduction in plant growth resulting from the saline stress, which led to a reduction in water use efficiency.
With regard to mean mass of fruit (MMF), for all levels of water salinity, RS1 and RS2 had a greater MMF compared to RS3 ( Figure 3A ). RS2 had a significantly greater MMF than RS1, but only at the salinity levels of 0.6 and 2.4 dS m -1 . There was a negative linear relationship between MMF and salinity levels ( Figure 3B) , and RS2 had the overall highest means. In RS1, RS2, and RS3 MMF were reduced by 26.69%, 26.51%, and 27.69%, respectively, with per unit increase in ECw. Based on the MMF values, RS1 and RS2 were more tolerant to saline conditions than RS3.
According to Taiz and Zeiger (2013) , plants under saline stress can show osmotic adjustment, as a mechanism of tolerance, allowing for a reduction in water potential and absorption of water and nutrients. However, the lack of water reduces turgor pressure, thereby reducing the sap flow through the conducting vessels, causing retardation in cell elongation and plant production. According to Almeida et al. (2011) , the ability of plants to minimize the negative effects of salinity varies among genotypes, as also evidenced by Brito et al. (2014) and Silva et al. (2014) , who studied citrus rootstock genotypes under saline conditions and confirmed the deleterious action of salinity on the citrus scion/rootstock combinations.
Experiment II -Nitrogen fertilization as attenuator of saline stress
According to the data in Table 5 , there were no significant (p > 0.05) scion/rootstock combinations × N dose interactions for any of the physiological variables; however, N dose did have a significant effect (p < 0.05) on transpiration (E), stomatal conductance (gs), and CO 2 assimilation rate (A), and the mean mass of fruits varied significantly (p < 0.05) among the rootstocks. The lack of significant effects may have been because of the loss of N through volatilization. High temperatures (above 30 °C) favor the volatilization of NH 3 , possibly due to the higher efficiency of the ureases in the hydrolysis of urea under high temperatures (KRAJEWSKA, 2009; TASCA et al., 2011) . Our results support the idea of N losses through volatilization, resulting in reductions in its use by plants.
A B -1 from Experiment I, which is interesting, especially when the farmer has only water with high salt content. Transpiration increased by 37.39% from N1 to N2, which is more evident when this result is compared with the treatment of 1.8 dS m -1 from Experiment I, where E was found to be only 6.57% higher ( Figure 4A ). Similar results were obtained for stomatal conductance and CO 2 assimilation rate, with increases of 44.87 and 32.12% between the doses of 100 and 200% of N fertilization, respectively (Figure 4B and 4C) . In comparison with the treatment of 1.8 dS m -1 from Experiment I, there is a reduction of 0.038 mmol of H 2 O m -2 s -1 in gs and 0.739 μmol m -2 s -1 in A in relation to N2, indicating attenuation of the deleterious effects of salinity due to the higher N application. Similar to our findings, Fernandes et al. (2010) , working with melon, and Sousa et al. (2013) , working with jatropha seedlings, concluded that the greater N supply was effective in decreasing the damages to E, gs, and A caused by high salinity. In citrus plants, Syvertsen, Smith e Boman (1993) observed that N concentration decreased as Cl -concentrations increased in the leaves; however, Lea-Cox and Syvertsen (1993) reported that foliar N application increased photosynthesis rate in citrus plants subjected to saline stress. Greater stomatal resistance was observed in plants cultivated under low N conditions, and the authors concluded that the decrease in photosynthesis was caused by the inhibition of the activity of the RuBP enzyme (Ribulose-1,5-bisphosphate carboxylase/oxygenase) (FREDEEN; GAMON; FIED, 1991) .
Based on the results, despite the absence of significant effects (p > 0.05) of N, it is possible to note that the increase in N supply favored the gas exchanges of the plants, which was reflected in the MMF. For MMF, N2 treatments were superior by 0.68% (RS1), 1.65% (RS2), and 4.41% (RS3) compared with plants that received the lowest N dose (N1). These results suggest that a portion of the applied N was volatized, leading to lower N use by plants, which is most evident for RS3, and reflects a greater sensitivity of RS3 to saline stress than other genotypes ( Figure 5 ).
Adequately nourished plants tend to better tolerate the effects of salinity than plants subjected to nutrient deficiencies (SANTOS et al., 2010) . Saline stress inhibits N acquisition and use, compromising absorption, distribution, and assimilation, as well as the synthesis of proteins (ARAGÃO et al., 2010) . It has been shown in sorghum and watermelon that N is capable of reducing the deleterious effects of salinity (FEIJÃO et al., 2011; FURTADO et al., 2012) . However, it is important to note that these authors worked with nutrient solutions, providing N directly in the nitrate form. 
CONCLUSIONS
Saline stress compromises gas exchanges in citrus plants;
The increase in the salinity level of irrigation water inhibits the mean mass of fruits for the scionrootstock combinations;
Among the rootstocks, TSKC × (LCR × TR -059) proved to be more sensitive to water salinity; Plants grafted with the Common Rangpur lime show greater productivity potential, even under saline water irrigation, compared with the genotypes TSKC × TRENG -256 and TSKC × LCR × TR -059;
The increase in nitrogen doses stimulated gas exchanges, which was reflected in the greater mean mass of fruits. A C B
